Synthesis
. Introduction The excellent properties of silicon nitride, such as high strength and resistance to thermal shock, corro sion, creep and oxidation, continue to generate in terest in its applications as a high-temperature struc tural material. Boron nitride is also a useful material for high-temperature applications due to its high melting point, low density and resistance to thermal shock. The Si3N4/BN composite may exhibit benefi cial properties of both ceramics. Mazdiyasni and Ruh reported1) that a hot-pressed Si3N4/BN compo site had a better resistance to thermal shock than a hot-pressed Si3N4. To obtain a homogeneous disper sion of BN in a Si3N4 matrix, Si3N4/BN composite films were prepared by chemical vapor deposition. 2) There has been much interest in the use of or ganometallic polymers as precursors to ceramics, such as silicon nitride3)-6) and boron nitride.7) Some of the potential advantages in the preparation of cer amic materials from these precursors include (1) compositional homogeneity of the final products, (2) high-purity ceramic products with uniform micro structure, amorphous to microcrystalline, and (3) the preparation of refractory ceramics at relatively low temperatures. Furthermore, the fusibility of or ganometallic polymers affords potential processing routes to ceramic fibers, coatings and near net shaped structures8 which are often difficult or impos sible to produce by conventional powder processing techniques. Schmidt et al.9) described the fabrication of Si3N4/BN composites from organometallics by mixing a polymeric precursor to Si3N4 (vinylic polysi lane) with a polymeric precursor to BN (poly (borazinylamine)) , and subsequent heating in NH3. Su The reaction of perhydrosilazane with tris (dimethylamino) borane was conducted with/ without NH3. The reaction product obtained without using NH3 contained a small amount of B and a large amount of tris (dimethylamino) borane was reco vered. The Si/B ratio of the reaction product ob tained in the presence of NH3 is similar to that of the starting mixture of perhydrosilazane/tris (dimethyl amino) borane. The results of elemental analysis of these products are shown in Table 1 . Tris (dimethyl amino) borane is known to undergo transamination with primary amine.15) GC-MS analysis of the reac tion product of tris (dimethylamino) borane with three equivalent moles of NH3 supported the forma tion of a substituted borazine [HNBN(CH3)2]3 by elimination of dimethyl amine. During the reaction in the presence of NH3, transamination might pro ceed between tris (dimethylamino) borane and NH3. Subsequently, the borane compound reacted with perhydrosilazane. The reaction product in the ab sence of NH3 contains B, and the reaction pathway is thought to be similar to that in the presence of NH3. Perhydrosilazane evolves NH3 when it is heated in pyridine. Transamination might proceed between tris (dimethylamino) borane and NH3 evolved from perhydrosilazane. However, the amount of NH3 was insufficient to react with all the tris (dimethylamino) borane that was charged in the vessel. The presence of a small amount of NH3 results in the low B content in the product and the recovery of tris (dimethylami no) borane. To obtain a polyborosilazane with a large amount of B, the reaction must be conducted in NH3 atmosphere. Polyborosilazane discussed hereafter is the reaction product obtained in the presence of NH3. 3 (A) ).
As shown in Fig.  4 The atomic groups bonded to silicon atoms in poly borosilazane were investigated in detail by 29Si NMR spectroscopy, and the result is shown in Fig. 5 (B) . Perhydrosilazane shows two peaks at -37 and -51 ppm, which are assigned to HSiN3/H2SiN2 and H3SiN units, respectively. The integral ratio of the signal of H3SiN at -51ppm to that of HSiN3/ H2SiN2 at -37ppm was 0.342, while that for poly borosilazane was 0.119. The decrease in the number of H3SiN units in perhydrosilazane indicates that the reaction proceeded predominantly at these units in perhydrosilazane. Other peaks attributable to the units containing Si-O bonds and Si-B bonds were not observed in the spectrum of polyborosilazane. Most of the silicon atoms in polyborosilazane were bonded to nitrogen and hydrogen.
The 11B NMR spectrum of polyborosilazane is shown in Fig. 6 . Only one peak at 27ppm is ob served, which is assigned to BN3.17) By considering the IR spectrum, this BN3 unit is thought to be boron connected to three nitrogen atoms in substituted borazine. The reaction between perhydrosilazane and tris (dimethylamino) borane seems to proceed as follows. A borazine ring was formed during condensation (2) . From the elemental analysis, one in six borazine rings is thought to be trifunctional. Figure 7 depicts the GPC of perhydrosilazane and Polyborosilazane. An increase in the number average molecular weight of polyborosilazane (Mn _??_ 1800) compared with that of perhydrosilazane (Mn_??_900) is observed. Cross-linked structures in polyborosilazane might be through NH, substituted borazine, and Si-N formed by intermolecular de hydrocoupling. Polymer chain scission did not occur during the reaction.
Polyborosilazane is a polymer consisting mainly of structural units of HSiN3, H2SiN2, H3SiN and sub stituted borazine. The 15N NMR spectrum was use less for determining its structure, because it was too broad to extract any information from it. There is no evidence of the existence of Si-N-B bonds. However, from elemental analysis and spectroscopic data, Si-N-B bonds would favor the formation of polyborosilazane during the reaction, as shown in Eq. (2).
3.2 Conversion of polyborosilazane into inor ganic compounds
The second region in the TGA curve (Fig.  4 
